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Xuzhou 221000, China
We study lifetimes and weak decays of the triply heavy tetraquarks bc¯bq¯. Following the heavy
quark expanding(HQE), the lifetimes of tetraquarks bc¯bq¯ can be expressed as the summation of
different dimension operators. Particularly, we obtain the lifetimes of bc¯bq¯ at the next-to-leading
order(NLO) given as τ (T
{bb}
{c¯q¯} ) = 0.70× 10
−12s. Besides, we construct the weak decays Hamiltonian
of bc¯bq¯ in hadronic level under the SU(3) flavor symmetry. The discussion of the Hamiltonian can
deduce the decay amplitudes and width relations of the tetraquarks. Following the choosing rules,
we collect some golden channels for the mesonic decays of tetraquarks, which will be helpful to
search for triply heavy tetraquarks bc¯bq¯ in future experiments.
I. INTRODUCTION
The quark model could well explain the hadronic states for a long time, in which mesons are handled as the bound
states of a constituent quark and anti-quark, and baryons are bound by three constituent quarks. Nevertheless, the
Belle collaboration changes the situation in 2003 for the discovery of the X(3872) [1], in B± → K±X(X → π+π−J/ψ)
decays. The new state which contains the cc¯ pair is not match with the ordinary quarkonium state, consequently
expected to be the candidate of four quark exotic state [2–27]. Subsequently, many more exotic states are observed in
processes, for instance, BES-III and Belle collaborations observe charged heavy quarkoniumlike states Zc(3900)
± [28–
31], Zc(4020)
± [32, 33], Zb(10610)± [34] and Zb(10650)± [34]. Until now, the X(3872) is one of the best studied
four quark exotic state candidates, whose mass right at the D0D¯∗0 threshold, and spin-parity quantum numbers
JPC = 1++ [35]. However, there is still a open issue whether the state is a loosely bound molecule or a compact
tetraquark.
The four-quark state bc¯bq¯ with three heavy quark is apparently different from the discovered quarkoniumlike state,
in this respect, it might offer a new platform to study the internal structure of the exotic states. In addition, it can
also be an ideal source to understand the hadronic dynamic and QCD factorization approach. Some theoretical and
experimental studies have been carried out to explore the properties of the exotic state at present, especially the mass
spectrum by the simple quark model [36], QCD sum rule [37]. In this paper, we will concern on the lifetime and
decays channels of the state. Since the experiment give no conclusion about the state, it is believed that the four-
quark state might be the stable tetraquarks whose dominant decay modes would be induced by the weak interaction.
In the diquark-antidiquark model [38], the lifetimes of lowest lying tetraquarks with the spin-parity 0+ and 1+ can
be achieved by the operator product expansion(OPE) technique [39, 40]. Further more, the flavor SU(3) symmetry
analysis which have been successfully applied into heavy mesons or baryons [41–57] can be used to study the weak
decays of bc¯bq¯.
Generally, the lifetimes of the tetraquarks can be expressed into several matrix elements of effective operators in the
OPE technique. In this case, we investigate the lifetimes at the leading and next-to-leading order in the heavy quark
expansion. In the other case, the weak decays of the tetraquarks can be considered at the hadronic level Hamiltonian
in the SU(3) symmetry. The triply heavy tetraquarks bc¯bq¯ and the heavy quark transition can be classified in the
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FIG. 1: The weight diagrams for the tetraquark T
{bb}
{c¯q¯} , bottom meson and charmed meson anti-triplet, anti-charmed meson
triplet and light meson octet.
SU(3) light quark symmetry. Thus one can construct the Hamiltonian in the hadron level, and the non-perturbative
effect can be absorbed into some parameters ai, bi, ci, . . .. The discussion of the Hamiltonian can tell us the decay
amplitudes and relations between different channels. Such analyses are benefit to the searching for the triply heavy
tetraquarks in future experiment.
The paper is organized as follows. In Sec.II, we will give the particle multiplets in the SU(3) symmetry. Section
III concerns on the lifetimes of the tetraqurak bc¯bq¯ with the approach of OPE. The possible weak decays of the
tetraqurak bc¯bq¯ are discussed in Section IV, including mesonic two-body non-leptonic decays and the three- or four-
body semi-leptonic decays. In Section V, we present a collection of golden decay channels. The summary is given in
the end.
II. PARTICLE MULTIPLETS
The tetraquark with the quark constituents bbc¯q¯ is a flavor SU(3) anti-triplet signed as T
{bb}
{c¯q¯} . In the following, we
will concern on the mesonic decays of T
{bb}
{c¯q¯} . Therefore, the particle multiplets are given firstly. Following the SU(3)
analysis, we give the SU(3) representation of the tetraquark T
{bb}
{c¯q¯} ,
T
{bb}
{c¯q¯} =
(
T
{bb}
{c¯u¯}, T
{bb}
{c¯d¯} , T
{bb}
{c¯s¯}
)
. (1)
The light pseudoscalar mesons can form an octet, which represented as
M8 =


π0√
2
+ η√
6
π+ K+
π− − π0√
2
+ η√
6
K0
K− K¯0 −2 η√
6

 . (2)
Besides, we give the SU(3) representations of bottom and charmed mesons,
Bi =
(
B−, B
0
, B
0
s
)
, Di =
(
D0, D+, D+s
)
, D
i
=
(
D
0
, D−, D−s
)
. (3)
For completeness, we show the weight diagrams of the states above given in Fig. 1.
III. LIFETIMES
In the section, we will study the lifetimes of the tetraquark T
{bb}
{c¯q¯} under the OPE. We proceed as follows, the decays
width of T
{bb}
{c¯q¯} → X with the spin-parity JP = (0+, 1+) can be expressed respectively as
Γ(T
{bb}
{c¯q¯} (0
+)→ X) = 12mT
∑
X
∫ ∏
i
[
d3−→p i
(2π)32Ei
]
(2π)4δ4(pT −
∑
i pi)
∑
λ |〈X |H|T {bb}{c¯q¯} 〉|2, (4)
3Γ(T
{bb}
{c¯q¯} (1
+)→ X) = 12mT
∑
X
∫ ∏
i
[
d3−→p i
(2π)32Ei
]
(2π)4δ4(pT −
∑
i pi)
1
3
∑
λ |〈X |H|T {bb}{c¯q¯} 〉|2, (5)
here, mT , λ and p
µ
T are the mass, spin and four-momentum of tetraquark T
{bb}
{c¯q¯} respectively. The matrix in full
theory Hamiltonian H can match with that of electro-weak effective Hamiltonian Heweff , whose Hamiltonian given as
Heweff =
GF√
2
[ ∑
q=u,c
V qc (C1Q
q
1 + C2Q
q
2)− Vp
∑
j=3
CjOj
]
, (6)
where Ci andOi areWilson coefficient and effective operator. Besides, V s are the combinations of Cabibbo-Kobayashi-
Maskawa(CKM) elements. The total decay width of Γ(T
{bb}
{c¯q¯} → X) can be deduced in the optical theorem, rewritten
as
Γ(T
{bb}
{c¯q¯} → X) =
1
2mT
∑
λ
〈T {bb}{c¯q¯} |T |T
{bb}
{c¯q¯} 〉, (7)
T = Im i
∫
d4xT {Heff (x)Heff (0)}. (8)
Further more, the transition operator can be expanded in the heavy quark expanding(HQE), which given as
T =
∑
Q=b,c
G2Fm
5
Q
192π3
|VCKM |2
[
c3,Q(Q¯Q) +
c5,Q
m2Q
(Q¯gsσµνG
µνQ) + 2
c6,Q
m3Q
(Q¯q)Γ(q¯Q)Γ
]
, (9)
here, GF is the Fermi constant and VCKM is the CKM element. The coefficients ci,Q which coming from the heavy
quark decays are the perturbative coefficients. Therefore, the total decay width of the tetraquark T
{bb}
{c¯q¯} can be given
in the leading dimension contribution as
Γ(T
{bb}
{c¯q¯} (0
+)→ X) =∑Q=b,c G2Fm5Q192π3 |VCKM |2∑λ 〈T{bb}{c¯q¯} |Q¯Q|T{bb}{c¯q¯} 〉2mT , (10)
where the heavy quark matrix elements are corresponding with bottom and charm number in the tetraquark state.
∑
λ
〈T {bb}{c¯q¯} |b¯b|T
{bb}
{c¯q¯} 〉
2mT
= 2 +O(1/mb),
∑
λ
〈T {bb}{c¯q¯} |c¯c|T
{bb}
{c¯q¯} 〉
2mT
= 1 +O(1/mc). (11)
The perturbative short-distance coefficients c3,Qs have been determined as c3,b = 5.29± 0.35, c3,c = 6.29± 0.72 at the
leading order(LO) and c3,b = 6.88± 0.74, c3,c = 11.61± 1.55 at the next-to-leading order(NLO) [39]. Accordingly, we
expect the lifetimes of the tetraquark given as
Γ(T
{bb}
{c¯q¯} (0
+)) =
{
(1.85± 0.16)× 10−12 GeV, LO
(2.83± 0.34)× 10−12 GeV, NLO , Γ(T
{bb}
{c¯q¯} (1
+)) =
{
(6.18± 0.53)× 10−13 GeV, LO
(9.43± 1.13)× 10−13 GeV, NLO ,(12)
τ(T
{bb}
{c¯q¯} (0
+)) =
{
(3.21± 0.27)× 10−12 s, LO
(2.10± 0.27)× 10−12 s, NLO , τ(T
{bb}
{c¯q¯} (1
+)) =
{
(1.07± 0.09)× 10−12 s, LO
(0.70± 0.09)× 10−12 s, NLO , (13)
where the heavy quark masses mc = 1.4 GeV and mb = 4.8 GeV.
IV. WEAK DECAYS
In this section, we will study the possible weak decay of the tetraquark T
{bb}
{c¯q¯} . Generally, we can classify the decays
modes by the quantities of CKM matrix elements.
• For the b/c quark semi-leptonic decays, we adopt the following groups.
b→ c/uℓ−ν¯ℓ, c¯→ d¯/s¯ℓ−ν¯ℓ. (14)
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FIG. 2: The Feynman diagrams for the tetraquark T
{bb}
{c¯q¯} semi-leptonic decays into mesons. The panel(a) represents the one
meson in final states. The panel(b-e) show the processes of two mesons in final states.
The general electro-weak Hamiltonian can be expressed as
Heff = GF√
2
[
Vq′bq¯
′γµ(1− γ5)bℓ¯γµ(1− γ5)νℓ + Vcq c¯γµ(1− γ5)qℓ¯γµ(1− γ5)νℓ
]
+ h.c., (15)
where q′ = (u, c), q = (d, s). The operators of b→ u/cℓ−ν¯ℓ transition form an SU(3) flavor triplet H ′3 or singlet.
In addition, the transition c¯→ q¯ℓ−ν¯ can form a triplet H3.
• For the c¯ quark non-leptonic decays, the groups are given as
c¯→ s¯du¯, c¯→ u¯dd¯/ss¯, c¯→ d¯su¯, (16)
which are Cabibbo allowed, singly Cabibbo suppressed and doubly Cabibbo suppressed respectively. The oper-
ator c¯q1q¯2q3 of the transition transforms as 3¯⊗ 3⊗ 3¯ = 3¯⊕ 3¯⊕ 6⊕ 15, marked as H3, H6 and H15.
• For the b quark non-leptonic decays, the groups are classified as
b→ cc¯d/s, b→ cu¯d/s, b→ uc¯d/s, b→ q1q¯2q3, (17)
q1,2,3 represent the light quark(d/s). The operator of the transition b → cc¯d/s form an triplet H3, and the
operator of the transition b → cu¯d/s can form an octet H8. In addition, the operator of transition b → uc¯s/d
can form an anti-symmetric 3¯ plus a symmetric 6 tensors. While the charmless tree level operator (q¯1b)(q¯2q3)
(qi = d, s) can be decomposed as 3⊗ 3¯⊗ 3 = 3⊕ 3⊕ 6¯⊕ 15, they are signed as H3, H6 and H15.
The parameters of the tensors above can be found in Ref. [55, 58–60], such as (H6)
2
31 = −(H6)213 = 1 for the
transition of c¯→ s¯du¯. In the following, we will study the possible weak decay modes of T {bb}{c¯q¯} in order.
(I). Semi-Leptonic decays
Following the SU(3) analysis, we respectively construct the Hamiltonian of hadronic level for the semi-leptonic
decays b→ c/uℓ−νℓ,
Heff = a1(T {bb}{c¯q¯} )i(H ′3)iBcℓ¯ν + a2(T
{bb}
{c¯q¯} )i(H
′
3)
iDjB
j
ℓ¯ν + a3(T
{bb}
{c¯q¯} )i(H
′
3)
jDjB
i
ℓ¯ν
+a4(T
{bb}
{c¯q¯} )i(H
′
3)
jM ijBcℓ¯ν, (18)
Heff = a5(T {bb}{c¯q¯} )iB
i
ℓ¯ν + a6(T
{bb}
{c¯q¯} )iB
j
M ij ℓ¯ν + a7(T
{bb}
{c¯q¯} )iB
i
J/ψℓ¯ν + a8(T
{bb}
{c¯q¯} )iD
i
Bcℓ¯ν. (19)
The corresponding Feynman diagrams are shown in Fig. 2.(a-d). Further more, the diagram Fig. 2.(a) is relative to
the a1 and a5 terms. The diagrams Fig. 2.(b-d) of four-body semi-leptonic decays are respectively corresponding with
5TABLE I: Amplitudes for tetraquark T
{bb}
{c¯q¯} semi-leptonic decays into mesons with the transition of b→ c/uℓ
−νℓ.
channel amplitude channel amplitude
T
{bb}
{c¯u¯} → B
−
c l
−ν¯ a1Vub
T
{bb}
{c¯u¯} → π
0B−c l
−ν¯ a4Vub√
2
T
{bb}
{c¯u¯} → ηB
−
c l
−ν¯ a4Vub√
6
T
{bb}
{c¯d¯} → π
+B−c l
−ν¯ a4Vub T
{bb}
{c¯s¯} → K
+B−c l
−ν¯ a4Vub
T
{bb}
{c¯u¯} → D
0
B−l−ν¯ (a2 + a3)Vub T
{bb}
{c¯u¯} → D
−B
0
l−ν¯ (a2 + a3)Vub
T
{bb}
{c¯u¯} → D
−
s B
0
sl
−ν¯ (a2 + a3)Vub
T
{bb}
{c¯u¯} → B
−l−ν¯ a5 T
{bb}
{c¯d¯} → B
0
l−ν¯ a5
T
{bb}
{c¯s¯} → B
0
sl
−ν¯ a5
T
{bb}
{c¯u¯} → B
−π0l−ν¯ a6√
2
T
{bb}
{c¯u¯} → B
−ηl−ν¯ a6√
6
T
{bb}
{c¯u¯} → B
0
π−l−ν¯ a6 T
{bb}
{c¯u¯} → B
0
sK
−l−ν¯ a6
T
{bb}
{c¯d¯} → B
−π+l−ν¯ a6 T
{bb}
{c¯d¯} → B
0
π0l−ν¯ − a6√
2
T
{bb}
{c¯d¯} → B
0
ηl−ν¯ a6√
6
T
{bb}
{c¯d¯} → B
0
sK
0
l−ν¯ a6
T
{bb}
{c¯s¯} → B
−K+l−ν¯ a6 T
{bb}
{c¯s¯} → B
0
K0l−ν¯ a6
T
{bb}
{c¯s¯} → B
0
sηl
−ν¯ −
√
2
3
a6
T
{bb}
{c¯u¯} → B
−J/ψl−ν¯ a7 T
{bb}
{c¯d¯} → B
0
J/ψl−ν¯ a7
T
{bb}
{c¯s¯} → B
0
sJ/ψl
−ν¯ a7
T
{bb}
{c¯u¯} → D
0B−c l
−ν¯ a8 T
{bb}
{c¯d¯} → D
+B−c l
−ν¯ a8
T
{bb}
{c¯s¯} → D
+
s B
−
c l
−ν¯ a8
the remanding terms in the Hamiltonian Eq. (18) and Eq. (19). Expanding the Hamiltonian, we can obtain the decay
amplitudes of different decay channels, which are collected in Tab. I. The relations of decay widths can be further
deduced, when the phase space effect is neglected.
Γ(T
{bb}
{c¯u¯} → D
0
B−l−ν¯) = Γ(T {bb}{c¯u¯} → D−B
0
l−ν¯) = Γ(T {bb}{c¯u¯} → D−s B
0
sl
−ν¯),
Γ(T
{bb}
{c¯u¯} → π0B−c l−ν¯) = 3Γ(T
{bb}
{c¯u¯} → ηB−c l−ν¯) =
1
2
Γ(T
{bb}
{c¯d¯} → π+B−c l−ν¯) =
1
2
Γ(T
{bb}
{c¯s¯} → K+B−c l−ν¯).
Γ(T
{bb}
{c¯u¯} → B−l−ν¯) = Γ(T
{bb}
{c¯d¯} → B
0
l−ν¯) = Γ(T {bb}{c¯s¯} → B
0
sl
−ν¯),
Γ(T
{bb}
{c¯u¯} → B−J/ψl−ν¯) = Γ(T
{bb}
{c¯d¯} → B
0
J/ψl−ν¯) = Γ(T {bb}{c¯s¯} → B
0
sJ/ψl
−ν¯),
Γ(T
{bb}
{c¯u¯} → D0B−c l−ν¯) = Γ(T
{bb}
{c¯d¯} → D+B−c l−ν¯) = Γ(T
{bb}
{c¯s¯} → D+s B−c l−ν¯),
Γ(T
{bb}
{c¯u¯} → B−π0l−ν¯) = 3Γ(T
{bb}
{c¯u¯} → B−ηl−ν¯) =
1
2
Γ(T
{bb}
{c¯u¯} → B
0
π−l−ν¯) =
1
2
Γ(T
{bb}
{c¯u¯} → B
0
sK
−l−ν¯)
=
1
2
Γ(T
{bb}
{c¯d¯} → B−π+l−ν¯) = Γ(T
{bb}
{c¯d¯} → B
0
π0l−ν¯) = 3Γ(T {bb}{c¯d¯} → B
0
ηl−ν¯) =
1
2
Γ(T
{bb}
{c¯d¯} → B
0
sK
0
l−ν¯)
=
1
2
Γ(T
{bb}
{c¯s¯} → B−K+l−ν¯) =
1
2
Γ(T
{bb}
{c¯s¯} → B
0
K0l−ν¯) =
3
4
Γ(T
{bb}
{c¯s¯} → B
0
sηl
−ν¯).
For the semi-leptonic transition of c¯ → d¯/s¯ℓ−νℓ, the Hamiltonian of mesonic decays is easy to construct, given as
follows,
Heff = c1(T {bb}{c¯q¯} )i(H3)jB
i
B
j
ℓ¯ν. (20)
The corresponding Feynman diagram is drawn in Fig. 2.(e). More technically, we can expand the Hamiltonian above
and collect the decay amplitudes,
A(T {bb}{c¯u¯} → B
0
B−l−ν¯) = c1Vcd, A(T {bb}{c¯u¯} → B
0
sB
−l−ν¯) = c1Vcs, A(T {bb}{c¯d¯} → B
0
B
0
l−ν¯) = 2c1Vcd,
6(d)
b
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b
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FIG. 3: The Feynman diagrams for the tetraquark T
{bb}
{c¯q¯} non-leptonic decays into mesons.
A(T {bb}{c¯d¯} → B
0
B
0
sl
−ν¯) = c1Vcs, A(T {bb}{c¯s¯} → B
0
sB
0
l−ν¯) = c1Vcd, A(T {bb}{c¯s¯} → B
0
sB
0
sl
−ν¯) = 2c1Vcs.
The relations of decay widths given as follows.
Γ(T
{bb}
{c¯u¯} → B−B
0
l−ν¯) =
1
2
Γ(T
{bb}
{c¯d¯} → B
0
B
0
l−ν¯) = Γ(T {bb}{c¯s¯} → B
0
B
0
sl
−ν¯),
Γ(T
{bb}
{c¯u¯} → B
0
sB
−l−ν¯) = Γ(T {bb}{c¯d¯} → B
0
B
0
sl
−ν¯) =
1
2
Γ(T
{bb}
{c¯s¯} → B
0
sB
0
sl
−ν¯).
(II). Non-leptonic two-body mesonic decays
In the SU(3) flavor symmetry, the two-body mesonic decays Hamiltonian of the transition b→ cc¯d/s is constructed
as
Heff = a1(T {bb}{c¯q¯} )i(H3)iB
j
Dj + a2(T
{bb}
{c¯q¯} )i(H3)
jB
i
Dj + a3(T
{bb}
{c¯q¯} )i(H3)
jM ijBc
+a4(T
{bb}
{c¯q¯} )i(H3)
iBcJ/ψ. (21)
We draw the corresponding Feynman diagrams shown in Fig. 3.(a-e). Particularly, the terms a1 and a2 with the final
states B plus D are related to the diagrams Fig. 3.(c,e). The terms a4 is corresponding with the diagrams Fig. 3.(a,b).
In addition, the a3 term with the light meson and Bc meson in the final states is relevant with the Fig. 3.(d). Based on
the Hamiltonian above, we get the decay amplitudes collected in Tab. II. Consistently, the relations between different
decay widths given as follows.
Γ(T
{bb}
{c¯d¯} → B−D
0
) = Γ(T
{bb}
{c¯d¯} → B
0
sD
−
s ),Γ(T
{bb}
{c¯s¯} → B−D
0
) = Γ(T
{bb}
{c¯s¯} → B
0
D−),
Γ(T
{bb}
{c¯u¯} → B−D−) = Γ(T
{bb}
{c¯s¯} → B
0
sD
−),Γ(T {bb}{c¯u¯} → B−D−s ) = Γ(T
{bb}
{c¯d¯} → B
0
D−s ),
Γ(T
{bb}
{c¯u¯} → B−c π−) = 6Γ(T
{bb}
{c¯d¯} → B−c η) = Γ(T
{bb}
{c¯s¯} → B−c K0) = 2Γ(T
{bb}
{c¯d¯} → B−c π0),
Γ(T
{bb}
{c¯u¯} → B−c K−) =
3
2
Γ(T
{bb}
{c¯s¯} → B−c η) = Γ(T
{bb}
{c¯d¯} → B−c K
0
).
The hadronic level Hamiltonian of the transition of b→ cu¯d/s can be constructed as
Heff = b′1(T {bb}{c¯q¯} )i(H8)ijB
j
J/ψ + b′2(T
{bb}
{c¯q¯} )i(H8)
i
jD
j
Bc + b
′
3(T
{bb}
{c¯q¯} )i(H8)
i
jM
j
kB
k
+b′4(T
{bb}
{c¯q¯} )i(H8)
k
jM
i
kB
j
+ b′5(T
{bb}
{c¯q¯} )i(H8)
k
jM
j
kB
i
. (22)
The corresponding Feynman diagrams are shown in Fig. 3.(a-e). Further more, we expand the Hamiltonian and
obtain the decay amplitudes collected in Tab. III. Besides, the relation between different decay channels can be
7TABLE II: Tetraquark T
{bb}
{c¯q¯} decays into two mesons with the transition of b→ cc¯d/s.
channel amplitude channel amplitude
T
{bb}
{c¯u¯} → B
−D− a2V ∗cd T
{bb}
{c¯u¯} → B
−D−s a2V
∗
cs
T
{bb}
{c¯d¯} → B
−D
0
a1V
∗
cd T
{bb}
{c¯d¯} → B
0
D− (a1 + a2)V ∗cd
T
{bb}
{c¯d¯} → B
0
D−s a2V
∗
cs T
{bb}
{c¯d¯} → B
0
sD
−
s a1V
∗
cd
T
{bb}
{c¯s¯} → B
−D
0
a1V
∗
cs T
{bb}
{c¯s¯} → B
0
D− a1V ∗cs
T
{bb}
{c¯s¯} → B
0
sD
− a2V ∗cd T
{bb}
{c¯s¯} → B
0
sD
−
s (a1 + a2)V
∗
cs
T
{bb}
{c¯u¯} → B
−
c π
− a3V ∗cd T
{bb}
{c¯u¯} → B
−
c K
− a3V ∗cs
T
{bb}
{c¯d¯} → B
−
c π
0 − a3V
∗
cd√
2
T
{bb}
{c¯d¯} → B
−
c K
0
a3V
∗
cs
T
{bb}
{c¯d¯} → B
−
c η
a3V
∗
cd√
6
T
{bb}
{c¯s¯} → B
−
c K
0 a3V
∗
cd
T
{bb}
{c¯s¯} → B
−
c η −
√
2
3
a3V
∗
cs
T
{bb}
{c¯d¯} → B
−
c J/ψ a4V
∗
cd T
{bb}
{c¯s¯} → B
−
c J/ψ a4V
∗
cs
TABLE III: Tetraquark T
{bb}
{c¯q¯} decays into two mesons with the transition of b→ cu¯d/s or b→ uc¯d/s.
channel amplitude channel amplitude
T
{bb}
{c¯d¯} → B
−J/ψ b1V ∗ud T
{bb}
{c¯s¯} → B
−J/ψ b1V ∗us
T
{bb}
{c¯d¯} → D
0B−c b2V
∗
ud T
{bb}
{c¯s¯} → D
0B−c b2V
∗
us
T
{bb}
{c¯u¯} → π
−B− (b4 + b5)V ∗ud T
{bb}
{c¯u¯} → K
−B− (b4 + b5)V ∗us
T
{bb}
{c¯d¯} → π
0B− (b3−b4)V
∗
ud√
2
T
{bb}
{c¯d¯} → π
−B
0
(b3 + b5)V
∗
ud
T
{bb}
{c¯d¯} → K
0
B− b4V ∗us T
{bb}
{c¯d¯} → K
−B
0
b5V
∗
us
T
{bb}
{c¯d¯} → K
−B
0
s b3V
∗
ud T
{bb}
{c¯d¯} → ηB
− (b3+b4)V ∗ud√
6
T
{bb}
{c¯s¯} → π
0B− b3V
∗
us√
2
T
{bb}
{c¯s¯} → π
−B
0
b3V
∗
us
T
{bb}
{c¯s¯} → π
−B
0
s b5V
∗
ud T
{bb}
{c¯s¯} → K
0B− b4V ∗ud
T
{bb}
{c¯s¯} → K
−B
0
s (b3 + b5)V
∗
us T
{bb}
{c¯s¯} → ηB
− (b3−2b4)V ∗us√
6
T
{bb}
{c¯u¯} → D
−B−c c1V
∗
cd T
{bb}
{c¯u¯} → D
−
s B
−
c c1V
∗
cs
T
{bb}
{c¯d¯} → D
0
B−c −c1V ∗cd T {bb}{c¯s¯} → D
0
B−c −c1V ∗cs
deduced directly, given as follows.
Γ(T
{bb}
{c¯s¯} → π0B−) =
1
2
Γ(T
{bb}
{c¯s¯} → π−B
0
).
We can easily construct the hadronic level Hamiltonian for the transition of b→ uc¯d/s in the SU(3) symmetry,
Heff = c′1(T {bb}{c¯q¯} )i(H ′′¯3 )[ij]DjBc. (23)
The corresponding Feynman diagrams are shown in Fig. 3.(a-d). In addition, the amplitudes obtained from the
Hamiltonian are collected in Tab. III, and the relations between different decay channels can be deduced as
Γ(T
{bb}
{c¯d¯} → D
0
B−c ) = Γ(T
{bb}
{c¯u¯} → D−B−c ),Γ(T
{bb}
{c¯s¯} → D
0
B−c ) = Γ(T
{bb}
{c¯u¯} → D−s B−c ).
Following the SU(3) analysis, the hadronic level Hamiltonian for the charmless transition of b → q1q¯2q3 can be
constructed as
Heff = d′1(T {bb}{c¯q¯} )i(H3)jM ijBc + d′2(T
{bb}
{c¯q¯} )i(H6¯)
[ik]
j M
j
kBc + d
′
3(T
{bb}
{c¯q¯} )i(H15)
{ik}
j M
j
kBc
+d′4(T
{bb}
{c¯q¯} )i(H3)
iDjB
j
+ d′5(T
{bb}
{c¯q¯} )i(H3)
jDjB
i
+ d′6(T
{bb}
{c¯q¯} )i(H6)
[ik]
j DkB
j
8TABLE IV: Tetraquark T
{bb}
{c¯q¯} decays into Bc plus light meson or anti-charm plus B meson induced by the charmless transition
b→ d or b→ s.
channel amplitude channel amplitude
T
{bb}
{c¯u¯} → B
−
c π
− d1 + d2 + 3d3 T
{bb}
{c¯d¯} → B
−
c π
0 − d1+d2−5d3√
2
T
{bb}
{c¯d¯} → B
−
c η
d1−3d2+3d3√
6
T
{bb}
{c¯s¯} → B
−
c K
0 d1 − d2 − d3
T
{bb}
{c¯u¯} → B
−D− d5 + d6 + 3d7 T
{bb}
{c¯d¯} → B
−D
0
d4 − d6 + 3d7
T
{bb}
{c¯d¯} → B
0
D− d4 + d5 − 2d7 T {bb}{c¯d¯} → B
0
sD
−
s d4 + d6 − d7
T
{bb}
{c¯s¯} → B
0
sD
− d5 − d6 − d7
T
{bb}
{c¯u¯} → B
−
c K
− d1 + d2 + 3d3 T
{bb}
{c¯d¯} → B
−
c K
0
d1 − d2 − d3
T
{bb}
{c¯s¯} → B
−
c π
0 −
√
2 (d2 − 2d3) T {bb}{c¯s¯} → B
−
c η −
√
2
3
(d1 − 3d3)
T
{bb}
{c¯u¯} → B
−D−s d5 + d6 + 3d7 T
{bb}
{c¯d¯} → B
0
D−s d5 − d6 − d7
T
{bb}
{c¯s¯} → B
−D
0
d4 − d6 + 3d7 T {bb}{c¯s¯} → B
0
D− d4 + d6 − d7
T
{bb}
{c¯s¯} → B
0
sD
−
s d4 + d5 − 2d7
+d′7(T
{bb}
{c¯q¯} )i(H15)
{ik}
j DkB
j
. (24)
We expand the Hamiltonian and collect the decay amplitudes given in Tab. IV. In particular, there is no relation
between different decay channels.
For the charm quark decay c¯→ q¯1q2q¯3, the Hamiltonian of hadronic level can be easily constructed as
Heff = f1(T {bb}{c¯q¯} )i(H15)i{jk}B
j
B
k
. (25)
Expanding the Hamiltonian above, one can obtain the decay amplitudes given as follows,
A(T {bb}{c¯d¯} → B−B
0
s) = 2f1,A(T {bb}{c¯d¯} → B−B
0
) = −2f1 sin θC ,A(T {bb}{c¯s¯} → B−B
0
s) = 2f1 sin θC ,
A(T {bb}{c¯s¯} → B−B
0
) = 2f1sin θC
2.
Consistently, the relation between different decay channels is deduced as
Γ(T
{bb}
{c¯d¯} → B−B
0
) = Γ(T
{bb}
{c¯s¯} → B−B
0
s).
V. GOLDEN DECAY CHANNELS
In order to reconstruct the tetraquark T
{bb}
{c¯q¯} experimentally, we will discuss the golden channels in the section. In
the discussion given in the previous sections, the final meson can be replaced by its corresponding counterpart, which
has the same quark constituent but different quantum numbers. For instance, we can replace π0 by ρ0, K+ by K∗+.
Generally, the weak decays are closely related with the CKM element. In addition, the charged particles are easy
to detect than neutral one at hadron colliders like LHC. Therefore, one choose the following criteria for the Golden
decay channels.
• Branching fractions: One should choose the cabibbo allowed decay modes c→ sℓ+νℓ for the charm quark semi-
leptonic decays and c → sd¯u for the non-leptonic decays. For bottom quark decays, the semi-leptonic decays
b→ cℓ−νℓ and non-leptonic decays b→ cu¯d or b→ cc¯s give the largest branching fractions.
• Detection efficiency: Since it is easy to detect the charged particles, one remove the channels with π0, η, φ,
ρ±(→ π±π0), K∗±(→ K±π0) and ω, but keep the modes with π±,K0(→ π+π−), ρ0(→ π+π−).
9TABLE V: Cabibbo allowed bc¯bq¯ decays.
b quark decays
T
{bb}
{c¯u¯} → B
−l−ν¯ T {bb}{c¯d¯} → B
0
l−ν¯ T {bb}{c¯s¯} → B
0
sl
−ν¯ T {bb}{c¯u¯} → B
−J/ψl−ν¯ T {bb}{c¯d¯} → B
0
J/ψl−ν¯
T
{bb}
{c¯s¯} → B
0
sJ/ψl
−ν¯ T {bb}{c¯u¯} → B
0
π−l−ν¯ T {bb}{c¯u¯} → B
0
sK
−l−ν¯ T {bb}{c¯d¯} → B
−π+l−ν¯ T {bb}{c¯d¯} → B
0
sK
0
l−ν¯
T
{bb}
{c¯s¯} → B
−K+l−ν¯ T {bb}{c¯s¯} → B
0
K0l−ν¯ T {bb}{c¯u¯} → D
0B−c l
−ν¯ T {bb}{c¯d¯} → D
+B−c l
−ν¯ T {bb}{c¯s¯} → D
+
s B
−
c l
−ν¯,
T
{bb}
{c¯u¯} → B
−D−s T
{bb}
{c¯d¯} → B
0
D−s T
{bb}
{c¯s¯} → B
−D
0
T
{bb}
{c¯s¯} → B
0
D− T {bb}{c¯s¯} → B
0
sD
−
s
T
{bb}
{c¯u¯} → B
−
c K
− T {bb}{c¯d¯} → B
−
c K
0
T
{bb}
{c¯s¯} → B
−
c J/ψ T
{bb}
{c¯d¯} → B
−J/ψ T {bb}{c¯d¯} → D
0B−c
T
{bb}
{c¯u¯} → π
−B− T {bb}{c¯d¯} → π
−B
0
T
{bb}
{c¯d¯} → K
−B
0
s T
{bb}
{c¯s¯} → π
−B
0
s T
{bb}
{c¯s¯} → K
0B−
c¯ quark decays
T
{bb}
{c¯u¯} → B
0
sB
−l−ν¯ T {bb}{c¯d¯} → B
0
sB
0
l−ν¯ T {bb}{c¯s¯} → B
0
sB
0
sl
−ν¯ T {bb}{c¯d¯} → B
−B
0
s
We collect the golden channels with the two-body non-leptonic decays and three- or four-body semi-leptonic decays
for the triply heavy tetraquark T
{bb}
{c¯q¯} , given in Tab. V.
Some comments are appropriate in the following. For the charm quark decays, the typical branching fraction is at a
few percent level. In addition, the reconstruction of final states, such as bottom mesons, is at the order 10−3 or even
smaller on the experiment side. Therefore the branching fraction for the charm quark decays chains to reconstruct
the T
{bb}
{c¯q¯} might be at the order 10
−5, or smaller. For the bottom quark decays, the typical branching fraction is at
the order 10−3. The reconstruction of final states J/ψ or D meson would introduce another factor 10−3. Therefore
the branching fraction of these channels could be at the order 10−5.
VI. CONCLUSIONS
In the paper, we have studied the lifetimes and weak decays of the heavy tetraquarks bc¯bq¯. With the help of
heavy quark expanding(HQE), we calculated the lifetimes of bc¯bq¯ at the leading order and next-to-leading order.
Particularly, the lifetime at NLO is τ(T
{bb}
{c¯q¯} ) = (0.70 ± 0.09)× 10−12 s. In addition , we discuss the weak decays of
bc¯bq¯ under the SU(3) analysis which has been successfully applied into heavy meson and baryon processes. Following
the building blocks in SU(3) analysis, we constructed the hadronic level Hamiltonian. More technically, the non-
perturbative effects are collected into parameters, such as ai, bj , .... According to the Hamiltonian, one can derive the
relations between different decay channels. Finally, we analyzed the semi-leptonic and non-leptonic mesonic decays
of tetraquarks bc¯bq¯, and made a collection of the golden channels for the searching of triply heavy tetraquarks bc¯bq¯ in
further experiments.
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